Abstract Colorectal neuroendocrine carcinoma (NEC) is a rare disease. There are no prospective randomized studies evaluating the best approach for these patients. Colorectal NEC is frequently treated in a similar way to small-cell cancers, because of its histologic appearance. We report a case of metastatic colorectal NEC which was treated with standard chemotherapy for metastatic colonic adenocarcinoma, including biological agents. A 47-year-old woman, with an unremarkable past medical history, presented to the emergency room complaining of a five-day history of abdominal distension, diffuse crampy pain, and vomiting. An abdominal computed tomography scan showed an obstructive tumor in the descending colon associated with multiple focal hepatic lesions. On the same day, she underwent an emergency laparotomy. A histologic examination revealed a tumor composed of malignant small and medium-sized cells with scant cytoplasm and immunoreactivity to chromogranin and synaptophysin consistent with a diagnosis of NEC. Six out of 20 excised lymph nodes were compromised, and a biopsy of the hepatic lesion showed similar features to the primary tumor. She later received palliative chemotherapy with 5-fluorouracil/leucovorin plus oxaliplatin (FOLFOX) and bevacizumab every other week, completing six cycles. At the end of the treatment she showed clinical improvement and partial response by imaging studies without significant toxicities. We emphasize the report on the treatment received by this patient and the need for further investigation on this matter.
Introduction
Colorectal neuroendocrine carcinoma (NEC) is a rare disease. There are no prospective randomized studies to evaluate the best approach for these patients. Colorectal NEC is frequently treated in a similar way to small-cell cancers, because of its histologic appearance. We report a case of metastatic colorectal NEC treated with standard chemotherapy for metastatic colonic adenocarcinoma, including biological agents.
Case report
A 47-year-old woman, with an unremarkable past medical history, presented to the emergency department because of a five-day history of progressive abdominal distension, biliary vomiting, diffuse crampy pain, along with an inability to pass stool and flatus. She also reported significant weight loss and anorexia over the previous few months. However, no medical advice was sought at that time. Her arterial pressure, temperature, and cardiac frequency were normal. Physical examination revealed a distended abdomen without bowel sounds. Tenderness and rebound were also present.
A hemogram revealed mild anemia with a hemoglobin level of 9 mg/dL and normal white blood and platelet counts. Renal and liver functions were within the normal range, and her carcinoembryonic antigen (CEA) level was 0.7 ng/mL.
An abdominal computed tomography scan (CT) showed a tumor arising from the descending colon causing intestinal obstruction associated with multiple focal hepatic lesions. On the same day, an emergency left hemicolectomy with primary anastomosis and a regional lymphadenectomy was performed.
Macroscopically, the tumor corresponded to an irregular and annular constricting mass of size 5 9 2 9 6 cm which arose from the mucosa infiltrating the pericolonic adipose tissue. A histologic examination revealed a tumor composed of malignant small and medium-sized cells with scant eosinophilic cytoplasm and small nuclei with granular chromatin (Fig. 1) . No gland formation was evident in these areas, and the mitotic rate was low with two figures per ten high-power fields (HPFs). The Ki-67 proliferative index was 30 % in the tumor cells (Fig. 2) . Immunohistochemical staining resulted in positive results for pancytokeratin, neuron-specific enolase, chromogranin A, and synaptophysin, consistent with a diagnosis of NEC (Fig. 3) . Six out of 20 excised lymph nodes were compromised, and a biopsy of the hepatic lesion showed similar features to those in the colon.
Further distant extension was examined with a thorax CT scan and a radionuclide bone scan, which showed no evidence of metastasis to other sites.
She had no complications during the postoperative period, and was discharged in order to complete treatment on an ambulatory basis. Six weeks after the surgery, being a patient with ECOG performance status 1, she received polychemotherapy with 5-fluorouracil/leucovorin plus oxaliplatin (FOLFOX)-4 (5-fluorouracil 400 mg/m 2 bolus followed by a 1,200 mg/m 2 44 h infusion; leucovorin 200 mg/m 2 days 1-2; and oxaliplatin 85 mg/m 2 on day 1) plus bevacizumab at 5 mg/kg every other week, completing six cycles without significant toxicities.
The patient was evaluated during the third and sixth months of the treatment, and she showed a partial tumor response according to the Response Evaluation Criteria in Solid Tumors (RECIST v.1.1) (Fig. 4) . The clinical evolution was also favorable, as her performance status recovered to ECOG 0 early in the first month of treatment. Side effects were mild, with only grade 2 neuropathy according to the Common Terminology Criteria for Adverse Events (CTCAE, v. 4.0). Neither febrile neutropenia nor delays in chemotherapy administration were noted. She did not have any reported episodes of hypertension, proteinuria, or thromboembolic disease associated with the use of bevacizumab. Three months after the last evaluation, progression of the liver metastasis was noticed, so she started second-line chemotherapy with cisplatin (100 mg/m 2 ) and etoposide (100 mg/m 2 ) but showed no response after three cycles. She died 13 months after diagnosis.
Discussion
Colorectal cancer is a common disease. More than one million new cases are reported every year worldwide, with a mortality rate of nearly 8.1 per 100,000 population. It is the third most commonly diagnosed cancer in males, and the second in females [1] . There is significant variation in its incidence around the globe, with the highest rates occurring in highly developed countries such as Australia and the United States. However, recent reports have demonstrated that several newly developed nations are presenting even higher incidence rates, probably due to the adoption of known environmental risk factors, in a process called ''Westernization'' [2] . On the other hand, death rates have declined progressively in many Western countries, mainly due to earlier detection enabled by more effective screening programs and the use of treatments incorporating biological agents such as bevacizumab and cetuximab.
In Chile, colorectal carcinoma is the third highest cause of mortality due to gastrointestinal cancer after gastric cancer and biliary neoplasm. Although mortality trends analysis has demonstrated that colorectal cancer mortality is either decreasing or stabilizing in many developed and newly developed countries, data from our nation shows a significant rising tendency from 1993 to 2003 [2, 3] .
In spite of its relatively good prognosis overall, metastatic colorectal carcinoma is present in approximately 19 % of patients, with survival rates of only 8.1 % at five years [4] . In this setting, the use of systemic chemotherapy along with targeted therapy has become the firstline treatment, yielding a median survival time of almost 25 months [5, 6 ]. An exception occurs in patients who are considered to have resectable metastatic disease, who can potentially be cured after local and systemic therapy [7] .
Histologically, more than 97 % of all colorectal cancers are adenocarcinomas, and approximately 10 % of them present focal neuroendocrine differentiation, with some reports suggesting that this finding is an independent prognostic factor in stages III and IV [8, 9] . The remaining colorectal cancers are rare histologic types, among which, according to the literature, between 0.3 and 3.9 % are NEC [10] [11] [12] .
The pathological classification of these tumors has been controversial over the years. There are some epidemiological reports suggesting that poorly differentiated endocrine carcinoma may have been misdiagnosed as adenocarcinoma in the previous century [13] . It is very important to note the wide spectrum of this disease, which ranges from low-grade carcinomas such as carcinoids to high-grade carcinomas with poorly differentiated tumors like NEC or small cell carcinoma. Our case was a moderately differentiated pure neuroendocrine tumor, which is categorized between carcinoid and small cell undifferentiated carcinoma. In relation to prognosis, reports of this variety show an ominous prognosis, resembling the small cell variant [14] .
Primary colonic NECs occur mainly in the right colon. Clinically, they are no different from adenocarcinomas, and no specific risk factor has been linked with their development. Nevertheless, they are highly aggressive malignancies with very poor prognosis, and 70 % of patients have metastatic disease at the time of diagnosis [11] . According to Kang et al. [10] , they have the worst overall survival rates of all colorectal neoplasms. Only 5 % of patients with the metastatic disease are alive at 5 years [9] .
There are no prospective randomized studies evaluating the best approach for these patients. Besides its rareness, the exact nomenclature used for the disease is controversial, which means that this disease is underrepresented in clinical trials. Surgical resection is performed in most localized disease cases. In advanced disease, systemic chemotherapy is the recommended approach, as in any colorectal cancer. Unfortunately, the best drug or combination of them has not been established for this histological type of carcinoma.
The histogenesis of this neoplasm is uncertain. The most widely accepted theory, based on the usual association with glandular or squamous precursors, suggests that a primitive neuroendocrine cell serves as a common precursor for all types of gastrointestinal neoplasm [15] . Nevertheless, there are some authors who have demonstrated some genetic changes similar to those that occur in colorectal carcinoma [16] . According to the Vogelstein multistep process of carcinogenesis, some germline or somatic mutations in colorectal cancer are required for malignant transformation [17] . There is evidence that neuroendocrine tumors share some of these genetic changes (loss of function of APC, DCC, and p53), suggesting an ''adenoma-neuroendocrine'' sequence [18] . Moreover, classical carcinoids do not share these pathways, thus indicating a genetically distinct neoplasm.
Mismatch repair genes are responsible for recognizing and repairing small insertions or deletions that occur during DNA replication. Germline mutation in one of these genes is the main genetic defect in patients with hereditary nonpolyposis colorectal cancer, but loss of the expression of these genes can also be found in 15 % of sporadic colorectal cancer [19] .
A retrospective study of 39 colorectal carcinomas with neuroendocrine features (27 were NECs) demonstrated the presence of microsatellite instability (MSI), which is characteristic of mismatch repair deficiency, in 15 % of the cases [20] .
However, these types of observations were not reproduced in a report which found that MSI was an infrequent event in poorly differentiated colorectal neuroendocrine tumors compared to sporadic colorectal cancer [18] .
Regarding tumor growth and invasiveness, angiogenesis plays a central role. Different molecules mediate this process; one of them is the vascular endothelial growth factor (VEGF). It is known that VEGF mRNA and protein are upregulated in colorectal cancer, and that its overexpression is associated with poor prognosis [21] . In this way, bevacizumab, a humanized monoclonal antibody directed against VEGF, has been shown to improve overall survival in metastatic colorectal carcinoma [5, 6] , and is currently part of its standard treatment. In one study, patients with poorly differentiated colorectal carcinoma and neuroendocrine cell differentiation showed higher VEGF protein expression levels and microvessel densities than patients without neuroendocrine differentiation [21] . The opposite has also been demonstrated, in that neuroendocrine digestive tumors express fewer genes and proteins related to neoangiogenesis than adenocarcinomas.
There is no standard treatment for metastatic colorectal NECs. Due to its histologic appearance, NECs are frequently treated in a similar way to small-cell cancers of the lung, with cytotoxic regimens including cisplatin and/or etoposide, or in a similar manner to pancreatic neuroendocrine tumor, with anthracycline, which is not usually used in the treatment of colonic adenocarcinomas (Table 1) . However, because of some biological similarities with colorectal carcinoma (see above), drugs like oxaliplatin, capecitabine, and 5FU have been used, and have yielded objective responses and survivals similar to other regimens (Table 1) . We decided to use this treatment in our case because the healthcare system in our country only covers standard systemic treatment that is approved for colorectal carcinoma.
Administration of biological agents is rare, with only one report (to our knowledge) describing its use with standard colonic treatment, which achieved a complete clinical response [26] .
Predictive factors for the treatment of NEC with standard chemotherapy, including biologic agents are lacking. 
